US009146157B1

a2z United States Patent (10) Patent No.: US 9,146,157 B1
Rajavel et al. (45) Date of Patent: Sep. 29, 2015
(54) DUAL BAND SWIR/MWIR AND 2006/0043297 Al*  3/2006 Ouvrier-
MWIR1/MWIR2 INFRARED DETECTORS Buffetetal. ........... 250/339.05
2008/0111152 Al* 5/2008 Scottetal. .. 257/188
N :
(75) Inventors: Rajesh Rajavel, Oak Park, CA (US); 2009/0224229 AL* 912009 Razeghi .oooovove 25721
Hasan Sharifi, Agoura Hills, CA (US); OTHER PUBLICATIONS
Terence De Lyon, Newbury Pa.rk, CA Lee et al.,, “Subband transitions in dual-band n-B-n InAs/GaSb
(US); Brett Nosho, Santa Monica, CA superlattice infrared photodetector identified by photoresponse spec-
(US); Daniel Yap, Newbury Park, CA tra” in Appl. Phys. Lett 95, 102106 (2009).
(Us) Maimon, et al., “nBn detector, an infrared”, Appl. Phys. Lett. 89
151109 (2006).
(73) Assignee: HRL Laboratories, LL.C, Malibu, CA A. Khoshakhlagh et al., “Bias dependent dual band response from
(US) InAs/GalnSb type II strain layer superlattice detectors”, Applied
Physics Letters 91, 263504 2007.
. . . . . Delaunay, et al., “High quantum efficiency two color type-II InAs/
(*) Notice: Subject. to any dlsclalmer,. the term of this GaSb n-}i/-p-p-i-n ph%tidc}odes”, Northwes};ern Univerts}i,tl;, Applied
patent is extended or adjusted under 35 Physics Letter 92, 111112 (2008).
U.S.C. 154(b) by 532 days. ’
* cited by examiner
(21) Appl. No.: 13/427,387 .
Primary Examiner — David Porta
(22) Filed: Mar. 22, 2012 Assistant Examiner — Abra Fein
(74) Attorney, Agent, or Firm — Ladas & Parry
(51) Int.CL (57) ABSTRACT
GOLJ 5/20 (2006.01) A dual band detector includes a substrate, a composite barrier,
G01J 336 (2006.01) first absorb the substrate and lieht incident side of
HO1L 27/146 (2006.01) a first absorber on the substrate and on a light incident side o
the composite barrier, the first absorber for detecting first
(52) US.Cl infrared light wavelengths, a second absorber on the compos-
CPC s G017 3/36 (2013.01); HOIL 27/14649 ite barrier on a side opposite the light incident side, the second
(2013.01) absorber for detecting second infrared light wavelengths,
(58)  Field of Classification Search wherein a bandgap of the first absorber is larger than that of
CPC oot G01J 3/36; HO1L 27/14649 the second absorber, wherein the composite barrier includes a
USPC .o, 250/3384, 370.01; 438/93 first secondary barrier, a pnmary barrier, and a second sec-
See application file for complete search history. ondary barrier, wherein the first and second secondary barri-
ers may have a lower bandgap energy than the primary bar-
(56) References Cited rier, wherein the first or the second secondary barrier may

2004/0142504 Al*
2005/0045910 Al*

U.S. PATENT DOCUMENTS

7/2004 Razeghi 438/93
3/2005 Tayloretal. ......cccc..... 257/184

- Blge bandabsc‘rrber;:

have a doping level and type different from that of the primary
barrier, and wherein at least the primary barrier blocks major-
ity carriers and allows minority carrier flow.

47 Claims, 9 Drawing Sheets

10

it Substrate

24
I Incident Light



US 9,146,157 B1

Sheet 1 of 9

Sep. 29, 2015

U.S. Patent

ol

}

I

yb17 Juspiou|
v

Old

alensqns




U.S. Patent Sep. 29, 2015 Sheet 2 of 9 US 9,146,157 B1

30

26

Incident Light

FIG. 2A



U.S. Patent Sep. 29, 2015 Sheet 3 of 9 US 9,146,157 B1

31

26

24
Incident Light

FIG. 2B



U.S. Patent Sep. 29, 2015 Sheet 4 of 9 US 9,146,157 B1

33

26

Incident Light

FIG. 2C



U.S. Patent Sep. 29, 2015 Sheet 5 of 9 US 9,146,157 B1

O]
IS
| S

2

CD’E'J:

® > 0
Q 58 Q8 ¢
O+ g .0
O N =
EQG=ETD
— 4= I
G)C:E-o—'
0= 0
_ QO »n T
v
<«

et
<
2
-l
-—
C
O
9
O
£

FIG. 2D




US 9,146,157 B1

Sheet 6 of 9

Sep. 29, 2015

U.S. Patent

3¢ Old

0 6T- FRag:] £86°'1 €€8L°0 G syt Uiy siaquosqe ur pisy SziwLiWw 01 paisnipe 13102G AIEPUOIBS
aq uesaaie; siyl ul Buidop JBneg
Asewiid 01 pasedwol se dedpueq 13,407
0 789 Lrt9 PSS’0 vt gs™ “utiy EAYIJPEINITS] 121120q Atewig v
Alouiu sevo|ge “s1aiued Ajuofew s%0|g W
g
0 £°89 iv19 6€5°0 ve GSST0 DUISSE OIY sied y-2 1893 01 JaQIOSQY {leusiew aanewaye)l &
13GQI0SQE pueq ar|q ¥iIMI] M\a.,
0 Sev A 48] [41°0 L1970 qsuIcgpeo ssied -3 1p3)2 01 12Q105GY {|elsaiew saneUI3LE) / e
130J0SQE pUeg an|q mS.,N/.V@
0 (AL ivT'9 vz SGS'0 | 9P'0GSPS OSVEL OUILL OIY sied -3 18340 01 J3QIOSGY| I3QIOSGE PUBG 3G YIMS
[s} [} ir19 €26 LETO qss- Ysyul sied -2 31831 01 J2QI0SAY| 15QIOSGE PUEG P YIMN Nm Om
0 ST- Lr19 £8¢°T £€8L°0 a7 sy fuly | siaquosqe ut pjaiy sziwiLiLW 01 paisnipe 13111eQ Asepuoias
5Q uP) 18AP| S1y1 Ut Butdop ‘181ueg
Asewsisd 0} paaeduwiod se dedpueg 13203
0 7°89 Y19 780 w7 qs™ *uly 7A0|4 2310003 1311Jeq Auewitlg 2
Aluouiw smo(e ‘sizissed Ajuolew s330ig w
=
0 TET+ P19 IY 0 |989°0QSHTE 05V OUIS 0RO $128 y-3 312517 01 13QI0SQY {j2uia1eWw aAIlPULIBLIR) M
Jaquosge pueg ana gimn| -
4 2
9 811~ Lrvi9 ape 88GED qs¥i-* fsyEt tugpy 51ied -3 31831 01 18GIO0SAY| 13GIOSCe PURG 3N G YIMW w ~
0 0 19 €6 LETC Gs* “syul saed y-2 318313 01 JBGIOSAY| 13GI0SQe QUG P3I HIMW
AWy y) fwrl} (A®) N.v
134105qe pueq pas 13qiosqe| UEISUOI 3NNET| HOST ie 0dy| deB pueg Aojv uonIUNg 13Ae| 331030 O.V
YUM UYIIEWSIU 3118) % pueq pas um
135}J0 pueq 33u3fPA

19

99 G9

v9

€9

29

19

09



U.S. Patent

Enerqgy (V)

Sep. 29, 2015 Sheet 7 of 9

US 9,146,157 B1

1.0-1

0.8 w ........

0.6

0‘4 .w ........

14

0.0

.2 w

0.4 . R s | st

Thickness {angstroms)

FIG. 3



U.S. Patent Sep. 29, 2015 Sheet 8 of 9 US 9,146,157 B1

L : : g B ; : :
3 : H H k :
: H k] : : g
3 ' ¥ 3 ¥ B B i

8.5 ................................ ................................. __________ . \ 6 ..................... s ;

fomposite barris

Energy {8V}

A

»
)

Y S— N TSN S T

o 2 4 6 3 2 12xin’

Thickness fangsteoms]

FIG. 4



US 9,146,157 B1

1OBJUQO

oilog |

s

o

Sheet 9 of 9

ﬁ

10BJUOS

{A®) jons] ABiouy

Sep. 29, 2015

b

A2 388

SR OS] ey

Sy URREY e L

e L

SlsioReibicty

U.S. Patent

Y

URG SNE 40 P

g B

o104

{n9) 1on9) ABiaug




US 9,146,157 B1

1
DUAL BAND SWIR/MWIR AND
MWIR1/MWIR2 INFRARED DETECTORS

CROSS REFERENCE TO RELATED
APPLICATIONS

None
TECHNICAL FIELD

This disclosure relates to infrared detectors and in particu-
lar to dual band infrared detectors.

BACKGROUND

Dual band infrared (IR) detectors have been made using
HgCdTe, quantum well infrared photo-detectors (QWIPs),
and Type 11 superlattice (T2SL) materials. HgCdTe detectors
have high performance, and although significant progress has
been made in the development of HgCdTe detectors for MW
(medium wavelength)/LW (long wavelength), LTW1/LW2,
and MW 1/MW?2 dual-band detectors, HgCdTe based infrared
detectors have high cost and are difficult to scale to large
detector arrays. QWIPs and InAs/GaSb T2SL detectors have
the disadvantage of ~10-100 times higher dark current as
compared to HgCdTe. InAs/GaSb T2SL detectors have low
minority carrier lifetimes which prevent FPA (focal plane
array) operation at temperatures greater than 150 Kelvin.

Elevated temperature operation is essential for large format
FPAs in order to minimize the size, weight and power foot-
print of an infrared (IR) imaging system.

In the prior art, InAsSb-based single-band/single color
devices are described by Maimon and Wicks, Appl. Phys.
Lett. 89 151109 (2006). Lee et al., “Subband transitions in
dual-band n-B-n InAs/GaSh superlattice infrared photode-
tector identified by photoresponse spectra” in Appl. Phys.
Lett 95, 102106 (2009) describes work by the University of
New Mexico using T2SLs. The use of InAs/GaSbh T2S[. mate-
rials for dual band detectors is described by A. Khoshakhlagh
etal., “Bias dependent dual band response from InAs/GalnSb
type Il strain layer superlattice detectors”, APPLIED PHYS-
ICSLETTERS 91, 263504 _ 2007. A method for producing a
single-bump, dual-band detector for LWIR and VLWIR
devices using pNp or n-p-B-p-n T2SL is described by North-
western University in Applied Physics Letter 92, 111112
(2008).

What is needed is a dual band detector and method of
making a dual band detector that is cost effective and that can
be scaled up to greater than 4 kx4 k FPA formats, while
providing HgCdTe-like performance. Also needed is a dual
band detector that allows for elevated temperature operation,
which is essential for large format FPAs in order to minimize
the size, weight and power footprint of an infrared (IR) imag-
ing system. The embodiments of the present disclosure
answer these and other needs.

SUMMARY

In a first embodiment disclosed herein, a dual band detector
comprises a substrate, a composite barrier, a first absorber on
the substrate and on a light incident side of the composite
barrier, the first absorber for detecting first infrared light
wavelengths, a second absorber on the composite barrier on a
side opposite the light incident side, the second absorber for
detecting second infrared light wavelengths, wherein a band-
gap of the first absorber is larger than that of the second
absorber, wherein the composite barrier comprises a first
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secondary barrier, a primary barrier, and a second secondary
barrier, wherein the first and second secondary barriers may
have a lower bandgap energy than the primary barrier,
wherein the first or the second secondary barrier may have a
doping level and type different from that of the primary bar-
rier, and wherein at least the primary barrier blocks majority
carriers and allows minority carrier flow.

In another embodiment disclosed herein, a method of fab-
ricating a dual band detector comprises forming a first
absorber on a substrate, the first absorber for detecting infra-
red light having first wavelengths, wherein a bandgap of the
first absorber is larger than that of the second absorber, form-
ing a composite barrier on the first absorber, the composite
barrier comprising a first secondary barrier, a primary barrier,
and a second secondary barrier, wherein the first and second
secondary barriers may have a lower bandgap energy than the
primary barrier, wherein the first or the second secondary
barrier may have a doping level and type different from that of
the primary barrier, wherein the first or the second secondary
barrier may have a doping level that ranges in magnitude from
1x10™ ecm™>to 1x10'® cm ™, and wherein at least the primary
barrier blocks majority carriers and allows minority carrier
flow, and forming a second absorber on the composite barrier,
the second absorber for detecting infrared light having second
wavelengths.

These and other features and advantages will become fur-
ther apparent from the detailed description and accompany-
ing figures that follow. In the figures and description, numer-
als indicate the various features, like numerals referring to
like features throughout both the drawings and the descrip-
tion.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows layers in an n-compound barrier-n dual-band
detector in accordance with the present disclosure;

FIGS. 2A-C show sequential mode dual-band detectors in
accordance with the present disclosure;

FIG. 2D shows a simultaneous mode detector which is a
three terminal device thus requiring two contacts per pixel in
addition to the common ground in accordance with the
present disclosure;

FIG. 2E shows the properties of layers in a dual-band
detector in accordance with the present disclosure;

FIG. 3 shows a Poisson band bending model fora MWIR1/
MWIR2 dual-band detector in accordance with the present
disclosure;

FIG. 4 shows a Poisson band bending model for a dual-
band SWIR (short wavelength IRYMWIR (medium wave-
length IR) detector in accordance with the present disclosure;
and

FIG. 5 shows operational modes for the detection of red or
blue bands and the corresponding energy band diagram and
biasing scheme in accordance with the present disclosure.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth to clearly describe various specific embodiments
disclosed herein. One skilled in the art, however, will under-
stand that the presently claimed invention may be practiced
without all of the specific details discussed below. In other
instances, well known features have not been described so as
not to obscure the invention.

In this disclosure, dual band MWIR1 (medium wavelength
IR band 1)/MWIR2 (medium wavelength IR band 2) and dual
band SWIR (short wavelength IR band)MWIR (medium
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wavelength IR band) device structures which utilize bulk
InAsSb-based absorber layers are described. These detectors
are based on an n-compound barrier-n (n-CB-n) architecture
and offer significant advantages in cost, scalability and fab-
rication methods, as compared to HgCdTe detectors. These
dual band detectors also offer a significant advantage in pro-
viding for greater than 150 Kelvin (K) temperature operation.
The designs described herein may be used for the fabrication
of single bump per pixel, sequential-mode dual band detec-
tors, or a two-bump per pixel simultaneous-mode, dual-band
detector. As described in the present disclosure InAs-based
ternary and quaternary alloys may be used for providing a
response in the MWIR and SWIR bands. The I1I-V dual-band
devices and methods for fabricating n-CB-n dual-band detec-
tors in accordance with the present disclosure provide cost
effective and scalable detectors with HgCdTe-like perfor-
mance.

The advantages of fabricating dual-band devices using
InAsSb based alloys include long minority carrier lifetimes of
approximately 1 microsecond, which is comparable to
HgCdTe and approximately 10-50 times higher than T2SL
alloys, a robust fabrication infrastructure and high yield pro-
cesses as compared to HgCdTe, and large substrates, such as
GaSb, GaAs or InP substrates, that are available in greater
than or equal to four (4) inches in diameter size, and which
provide a direct pathway for scaling up to large size FPA
formats.

FIG. 1 shows layers in an n-compound barrier-n dual-band
detector in accordance with the present disclosure and FIGS.
2A-2D show mesa isolated dual-band detectors in accordance
with the present disclosure.

FIG. 1 shows a dual band detector 10 in accordance with
the present disclosure and in particular the layers of the dual
band detector 10. The substrate 12 provides support for the
other layers, and the substrate is preferably transparent for
infrared and laser designator wavelengths. Following the
hybridization of the detector to a supporting structure such as
a read-out circuit, the substrate may be selectively removed
for enhanced thermal cycle reliability. The substrate 12 may
include multiple nucleation and buffer layers. Incident light
24 shines through the substrate 12 to the other layers. The
layers on the substrate 12 are a blue band absorber layer 14, a
composite barrier 26 including secondary barrier 16, primary
barrier 18, and another secondary barrier 20, and a red band
absorber layer 22. A first electrical contact 15 makes contact
to the blue band absorber layer 14 and a second electrical
contact 23 makes contact to the red band absorber layer 22.

FIG. 2A shows a mesa dual band device 30 fabricated by
etching through the red band absorber 22 to form a mesa for
isolating, for example, pixel 32 from pixel 34 and pixel 36.
Wet etch or dry etch processes, combined with lithographic
patterning can be used to fabricate the mesa structures.

In another embodiment FIG. 2B shows a mesa dual band
device 31 fabricated by etching through the red band absorber
22 and a portion of the composite barrier 26 to form a mesa for
isolating, for example, pixel 32 from pixel 34 and pixel 36.

In yet another embodiment FIG. 2C shows a mesa dual
band device 33 fabricated by etching through the red band
absorber 22, the composite barrier 26, and a portion of the
blue band absorber 14 to form a mesa for isolating, for
example, pixel 32 from pixel 34 and pixel 36. FIG. 2D shown
another view of the mesa dual band device 33 showing that
the composite barrier 26 includes secondary barrier 16, pri-
mary barrier 18, which includes a contact layer, and another
secondary barrier 20, as shown in FIG. 1. An electrical contact
19 makes contact to the primary barrier 18. The mesa dual
band devices 30 and 31 also have a n-compound barrier-n
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4

composite barrier 26 that includes secondary barrier 16, pri-
mary barrier 18, and another secondary barrier 20.

FIG. 2E lists the properties of the layers for a MWIR1/
MWIR2 dual band detector 40 and for a SWIR/MWIR dual
band detector 50 in accordance with the present disclosure.
The properties for each layer include: the layer name 60, the
layer function 61, alloy composition 62, band gap 63, wave-
length 64, lattice constant 65, valence band offset with respect
to the red band absorber 66, and the percent lattice mismatch
with respect to the red band absorber 67. The properties of the
quaternary and ternary alloys were calculated using data from
the binary alloys such as InAs, InSbh, GaAs, GaSb, AlAs, AlSb
found in the prior art literature.

The detector structure can be grown lattice mismatched on
a substrate which consists of one or more nucleation and
buffer layers. As such lattice matching of the epilayer with the
substrate is not necessary. Vapor phase epitaxial growth tech-
niques such as molecular beam epitaxy (MBE) or metalor-
ganic chemical vapor deposition (MOCVD) can be used to
grow the layers.

Lattice matching may be maintained between the layers in
the both the MWIR1/MWIR2 dual band detector 40 and for
the SWIR/MWIR dual band detector 50, as shown by the
percent lattice mismatch 67, which indicates substantially
zero lattice mismatch. Lattice matching across the layers
provides higher device reliability, better noise (1/f and dark
current) performance and focal plane array (FPA) uniformity.
However, maintaining a lattice matched structure across the
device stack does complicate the device design and growth of
material, because quaternary layers need to maintain lattice
matching conditions during growth. The growth of a quater-
nary layer with a thickness of greater than 5 um requires
precise control of the constituent flux during molecular beam
epitaxy (MBE) growth which adds yet another layer of com-
plexity in the fabrication of dual band devices in accordance
with the present disclosure.

Alternatively, the lattice constants of the various layer con-
sisting of the absorber layers and barrier layers may be mis-
matched with respect to each other and the substrate, espe-
cially if the device is operated at elevated temperatures where
the dominant dark current mechanism is diffusion current,
and not dominated by generation-recombination current
associated with defects.

The exemplary MWIR1/MWIR2 dual band detector 40
shown in FIG. 2E has a ternary alloy InAs,, ,¢Sb,, ,, red band
absorber A, =5.23 um and a lattice matched quaternary alloy
Al |5Ing g5 ASg 6,Sb, 55 blue band absorber A_,=3.5 um at
150K, which provide MWIR1 and MWIR2 detectors, respec-
tively. The cut off wavelengths of these exemplary red band
and the blue bands have been chosen, as an example, to
bracket the 3-5 um MWIR spectrum. This example provides
a blue response at approximately 3 um and a red response at
approximately 5 pum. Depending on the application of the
device, it may be necessary to increase the cutoff wavelength
such that the blue band is sensitive at a longer wavelength,
within the MWIR band. By reducing the Al mole fraction
from 0.22 to 0 and simultaneously increasing the As mole
fraction from 0.67 t0 0.78, a family of lattice matched absorb-
ers can be provided whose A, can be adjusted and tuned over
the entire MWIR spectrum, while preserving lattice match.

An alternative blue band absorber 42 is also shown in FIG.
2E for the MWIR1/MWIR?2 dual band detector 40. The alter-
native blue band absorber is a quaternary alloy
Gag sIng sAsg 5,45bg 6z65 Aop=4.14 um at 150K. Alterna-
tively, the blue band absorber can be lattice mismatched and
consist of the binary alloy InAs.
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The composite barrier 26 for the MWIR1/MWIR2 dual
band detector 40 is shown in FIG. 2E to include a secondary
barrier 16 of Al ,In, sAsy 45Sbg 57, @ primary barrier 18,
which blocks majority carriers and allows minority carrier
flow, of Al 55611, 544Sb, and another secondary barrier 20 of
Al 4Ing ¢Asg 435D, 5. The secondary barriers 16 and 20 have
alower bandgap energy 63 as compared to the primary barrier
18. The doping level and type in the secondary barrier may be
adjusted to minimize the electric fields in the blue band
absorber 14 and the red band absorber 22. Minimizing the
electric field in the absorbers results in minimal band bend-
ing, which in turn results in reduced dark (generation-recom-
bination) current.

The doping type and level in the primary barrier is such that
it allows transport of the minority carriers generated in either
of the absorbers across the primary barrier.

A Poisson band bending model for the exemplary MWIR1/
MWIR2 dual band detector 40 of FIG. 2E, is shown in FIG. 3,
which illustrates the near-flat absorber regions that serve to
minimize generation-recombination (G-R) dark current. FIG.
3 depicts the thicknesses of the red band absorber 22, the
composite barrier 26, and the blue band absorber 14, and the
band bending in the red band absorber 22, the composite
barrier 26, and the blue band absorber 14.

A Poisson band bending model at zero bias for the SWIR/
MWIR dual band detector is shown in FIG. 4.

FIG. 5 illustrates the operation of an exemplary dual band
SW/MW device. Applying a positive bias to the red band
absorber 22 tilts the bands and allows detection of the red
band or the longer wavelength photons through the collection
of red-band generated photo electrons at the read out inte-
grated circuit (ROIC) 80. As shown in FIG. 5, the application
of a negative bias to the red band absorber 22 tilts the bands
and allows detection of the blue band, or the longer wave-
length photons through the collection of the blue-band gen-
erated holes (photo carriers) in the ROIC 80.

The operation of a dual-band device where the absorbers
are doped n-type is described above. The same principle can
be applied to operate a device where the absorbers are doped
p-type. For the device with p-type absorbers, when a positive
bias is applied to the second absorber, the bands are tilted such
that photogenerated electrons from the first absorber are col-
lected at a ROIC. When a negative bias is applied to the
second absorber, the photogenerated holes from the second
absorber are collected at the ROIC.

The exemplary SWIR/MWIR dual band detector 50 shown
in FIG. 2E has a red band absorber 22 of ternary alloy
InAsg ,Sbg 55, A, =5.23 um, and a lattice matched blue band
absorber 14 of quaternary alloy Ing ,;Al; 57AS0 54Sbg 46,
Ao=2.24 um at 150 K, which provide MWIR and SWIR
absorbers, respectively.

Alternate blue band absorbers 52 and 54 are also shown in
FIG. 2E for the SWIR/MWIR dual band detector 50. The
alternate blue band absorber 52 is ternary alloy Ga, ¢5InSb,
Ar.,=1.932 um at 150K. The alternate blue band absorber 54
may be ternary Alj 5510, 045Sb, A, =0.539 pm at 150K.

The composite barrier 26 for the SWIR/MWIR dual band
detector 50 is shown in FIG. 2E to be the same as the com-
posite barrier 26 for the MWIR1/MWIR2 dual band detector
40.

Dual band arrays have many applications including, for
example, target identification, clutter rejection, and tracking
of'a CO, emission.

Another benefit of a dual band detector in accordance with
the present disclosure is the ability to image a laser designator
spot and overlay the spot in an IR image of the scene by
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independently optimizing the integration times for the detec-
tion of the laser spot and the scene.

In accordance with the present disclosure, high intensity
laser light with, for example, a wavelength of 1.06 or 1.55 um
may be entirely absorbed in a SWIR absorber layer, such as
blue band absorber 14. Thus, the integration time in the red
band absorber 22 may be optimized to increase the signal to
noise (S/N). The integration time can be optimized based on
the read out integrated circuit (ROIC) 80 well capacity, the
detector noise and incident light 24 flux. The blue band
absorber 14 of the dual-band sensor in accordance with the
present disclosure may be used to image the laser designator
spot using an integration time sufficient to capture a sequence
of pulses, and the red band absorber 22 may be used to image
the scene using a different optimal integration time.

The dual band detector 10 or 30 allows co-located pixels in
a common optical bore sight to detect both a laser designator
spot and a thermal image of a dim scene. Most SWIR detec-
tors in the prior art are blind at 1.06 um, and most prior art
MWIR detectors are blind at 1.06 and 1.55 um light due the
presence of the opaque substrate used for epi growth. Detec-
tion of 1.06 pm and 1.55 um wavelength laser designators, in
the dual band detector 10 or 30 in accordance with the present
disclosure may be facilitated by:

1) A fabrication process that provides for the removal of the
opaque epi-growth substrate and the transfer of the epi layer
onto a suitable transparent permanent substrate, and

2) Use of a unique backside process for FPA fabrication
wherein the light is incident directly on the absorber without
having to traverse through a substrate. According to an
embodiment of the present disclosure, the support for an epi
layer may be provided by an indium-bump-hybridized ROIC.

Having now described the invention in accordance with the
requirements of the patent statutes, those skilled in this art
will understand how to make changes and modifications to
the present invention to meet their specific requirements or
conditions. Such changes and modifications may be made
without departing from the scope and spirit of the invention as
disclosed herein.

The foregoing Detailed Description of exemplary and pre-
ferred embodiments is presented for purposes of illustration
and disclosure in accordance with the requirements of the
law. It is not intended to be exhaustive nor to limit the inven-
tion to the precise form(s) described, but only to enable others
skilled in the art to understand how the invention may be
suited for a particular use or implementation. The possibility
of modifications and variations will be apparent to practitio-
ners skilled in the art. No limitation is intended by the descrip-
tion of exemplary embodiments which may have included
tolerances, feature dimensions, specific operating conditions,
engineering specifications, or the like, and which may vary
between implementations or with changes to the state of the
art, and no limitation should be implied therefrom. Applicant
has made this disclosure with respect to the current state of the
art, but also contemplates advancements and that adaptations
in the future may take into consideration of those advance-
ments, namely in accordance with the then current state of the
art. It is intended that the scope of the invention be defined by
the Claims as written and equivalents as applicable. Refer-
enceto a claim element in the singular is not intended to mean
“one and only one” unless explicitly so stated. Moreover, no
element, component, nor method or process step in this dis-
closure is intended to be dedicated to the public regardless of
whether the element, component, or step is explicitly recited
in the Claims. No claim element herein is to be construed
under the provisions of 35 U.S.C. Sec. 112, sixth paragraph,
unless the element is expressly recited using the phrase
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“means for . . . ” and no method or process step herein is to be stantially of AllnSb, a ternary alloy consisting substan-
construed under those provisions unless the step, or steps, are tially of InAsSb, or a binary alloy InAs.

expressly recited using the phrase “comprising the step(s) 13. The dual band detector of claim 1 wherein:

of....”

What is claimed is:

1. A dual band detector comprising:

a substrate;

a composite barrier;

a first absorber on the substrate and on a light incident side

quaternary alloy of GalnAsSb, a ternary alloy consisting
substantially of GalnSb, a ternary alloy consisting sub-

at least one of the first and second absorbers are superlat-
tices, whose individual layers are comprised substan-
tially of InAs and InAsSb with band gaps suitable for the
detection of MWIR radiation.

14. The dual band detector of claim 1 wherein:

at least one of the first and second absorbers are superlat-

of the composite barrier, the first absorber for detecting 10 G hose individual 1 ised subst
light of a first range of infrared wavelengths; %Cﬁs W fOISIfAm lv(ll 1(1}211 as}{)ers ar;: com.prlie hii s an(i
a second absorber on the composite barrier on a side oppo- tally o s and GalnSb or alternatively S an
site the light incident side, the second absorber for GasSb. . .
detecting light of a second range of infrared wave- 15. The dual band de.tector of claim 1 wherein:
lengths: s  thesecond absorber is a terr}ary alloy InAs, ,4Sb, ,,; and
wherein a bandgap of the first absorber is larger than that of the  first absorber is a  quaternary  alloy
the second absorber; AlO..l 210y 55 ASq 675bg 333
wherein the composite barrier comprises: wherein
a first secondary barrier; the second absorber has a A_,=5.2 um at 150K; and
a primary barrier; and 20  the first absorber has a A_,=3.5 um at 150K.
a second secondary barrier; 16. The dual band detector of claim 1 wherein:
wherein the first and second secondary barriers have a the second absorber is a ternary alloy InAs,, ,5Sb, »,; and
lower bandgap energy than the primary barrier; the first absorber is InAs.
wherein the first or the second secondary barrier have a 17. The dual band detector of claim 1 wherein:
doping level and type different from that of the pri- 25  the second absorber is a ternary alloy InAs, ,Sby, ,»,; and
mary barrier; and the first absorber is a quaternary  alloy
wherein at least the primary barrier blocks majority car- Gag sIng sASg 5,455bg 6563
riers and allows minority carrier flow. wherein
2. The dual band detector of claim 1 wherein first and the second absorber has a A_,=5.23 pm at 150K; and
second absorbers comprise indium. 30  the first absorber has a A_,=4.14 um at 150K.
3. The dual band detector of claim 1 further comprising: 18. The dual band detector of claim 1 wherein:
a first electrical contact on the first absorber; and the first secondary barrier is an alloy of AlGalnAsSb, or an
a second electrical contact on the second absorber. alloy consisting substantially of A1AsSb or an alloy con-
4. The dual band detector of claim 1 wherein the substrate sisting substantially of AlGaSb;
is selectively removed. 35 the primary barrier is AlSb or an alloy of AllnGaAsSb, or
5. The dual band detector of claim 1 wherein the substrate an alloy consisting substantially of AlAsSb or an alloy
is transparent to incident infrared wavelengths. consisting substantially of AlGaSbh; and
6. The dual band detector of claim 1 wherein: the second secondary barrier is an alloy of AlGalnAsSb, or
the first and second secondary barriers are graded in com- an alloy consisting substantially of AlAsSb or an alloy
position. 40 consisting substantially of AlGaSh.
7. The dual band detector of claim 1 wherein: 19. The dual band detector of claim 1 wherein:
the first or the second secondary barrier has a doping level the first secondary barrier is Al ,In, sAs, 43Sb, 57
that ranges in magnitude from 1x10'* cm™ to 1x10'® the primary barrier is Al o55I04 g44Sb; and
cm™>, the second secondary barrier is Al, ,In, cAsg 43Sbg 57
8. The dual band detector of claim 1 wherein the primary 45  20. The dual band detector of claim 1 wherein:
barrier further comprises: the second absorber has a band gap suitable for detection of
a contact layer; and medium wavelength infrared (MWIR) radiation of 3 to 5
a third contact to the contact layer. microns; and
9. The dual band detector of claim 1 wherein: the first absorber has a band gap suitable for the detection
the first absorber, the second absorber and the composite 50 of short-wave wavelength infrared (SWIR) radiation of
barrier comprise indium and one or more of the follow- 1.0 to 2.5 microns.
ing: Al, Ga, As, Sb or N. 21. The dual band detector of claim 1 wherein:
10. The dual band detector of claim 1 wherein: the second absorber is a ternary alloy InAs,, ,;Sb; and
at least one of the first absorber, the second absorber, or the the first absorber is a quaternary  alloy
primary barrier comprises a binary alloy, a ternary alloy, 55 Ing 5Al, 5,A84 54Sbg 463
or a quaternary alloy. wherein
11. The dual band detector of claim 1 wherein: the second absorber has a A_,=5.2 um at 150K; and
the first absorber and the second absorber have band gaps the first absorber has a A_,=2.2 um at 150K.
appropriate for detection of infrared radiation in the 3 to 22. The dual band detector of claim 1 wherein:
5 micron band for detecting mid-wave infrared radiation 60  the second absorber is a ternary alloy InAs, ,5Sb, 5,; and
(MWIR). the first absorber is a ternary alloy Ga, 45In, | sSb;
12. The dual band detector of claim 1 wherein: wherein
the second absorber is a ternary alloy comprising InAsSh the second absorber has a A_,=5.2 um at 150K; and
or a quaternary alloy of AllnAsSb; and the first absorber has a A_,=1.9 um at 150K.
the first absorber is a quaternary alloy of AllnAsSb, a 65  23. The dual band detector of claim 1 wherein:

the second absorber is a ternary alloy InAs,, ,5Sb, »,; and
the first absorber is a ternary alloy Al; ¢55In, o45Sb;
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wherein

the second absorber has a A_,=5.2 pym at 150K; and

the first absorber has a A _,=0.54 um at 150K.23.

24. The dual band detector of claim 1 wherein:

when a positive bias is applied to the second absorber, the

second infrared wavelengths generate electrons in the

second absorber that are collected at a read out inte-

grated circuit; and

when a negative bias is applied to the second absorber,
the first infrared wavelengths generate holes in the
first absorber that are collected at the read out inte-
grated circuit.

25. The dual band detector of claim 1 wherein:

when a positive bias is applied to the second absorber, the

first infrared wavelengths generate electrons in the first
absorber that are collected at a read out integrated cir-
cuit; and

when a negative bias is applied to the second absorber, the

second infrared wavelengths generate holes in the sec-
ond absorber that are collected at the read out integrated
circuit.

26. The dual band detector of claim 1 wherein:

the dual band detector operates at temperatures equal to or

greater than 100K.

27. The dual band detector of claim 1 wherein:

the second absorber, the composite barrier, and a portion of

the first absorber form a mesa;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.

28. The dual band detector of claim 1 wherein:

the second absorber, and a portion of the composite barrier

form a mesa;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.

29. The dual band detector of claim 1 wherein:

the second absorber forms a mesa;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.

30. The dual band detector of claim 1 wherein:

the second absorber is a ternary alloy InAs, ,5Sb, 5,; and

the first absorber is an alloy of indium comprising of one or

more of the following elements: Ga, Al, As, Sb and N.

31. A method of fabricating a dual band detector compris-
ing: forming a first absorber on a substrate, the first absorber
for detecting infrared light having first wavelengths; wherein
a bandgap of the first absorber is larger than that of a second
absorber; forming a composite barrier on the first absorber,
the composite barrier comprising: a first secondary barrier a
primary barrier and a second secondary barrier; wherein the
first and second secondary barriers may have alower bandgap
energy than the primary barrier; wherein the first or the sec-
ond secondary barrier may have a doping level and type
different from that of the primary barrier; wherein the first or
the second secondary barrier may have a doping level that
ranges in magnitude from 1x10'* cm™ to 1x10'® cm™3; and
wherein at least the primary barrier blocks majority carriers
and allows minority carrier flow; and forming the second
absorber on the composite barrier, the second absorber for
detecting infrared light having second wavelengths.

32. The method of claim 31 wherein first and second elec-
trical contacts are made to the first and second absorbers,
respectively.

33. The method of claim 31 further comprising selectively
removing the substrate.

34. The method of claim 31 wherein the substrate is trans-
parent to incident first and second infrared wavelengths.
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35. The method of claim 31 wherein: the primary barrier
further comprises a contact layer; and, a contact to the contact
layer.
36. The method of claim 31 wherein:
the first absorber, the second absorber and the composite
barrier comprise indium and one or more of the follow-
ing: Al, Ga, As, Sb, or N.

37. The method of claim 31 wherein:

the first secondary barrier is an alloy of AlGalnAsSb, or an
alloy consisting substantially of A1AsSb or an alloy con-
sisting substantially of AlGaSb;

the primary barrier is AlSb or an alloy of AllnGaAsSb, or

an alloy consisting substantially of AlAsSb or an alloy
consisting substantially of AlGaSbh; and

the second secondary barrier is an alloy of AlGalnAsSb, or

an alloy consisting substantially of AlAsSb or an alloy
consisting substantially of AlGaSh.

38. The method of claim 31 wherein:

the first secondary barrier is Al ,In, 4Asg 45Sbg 573

the primary barrier is Al g54In, 0.4,5b; and

the second secondary barrier is Al, ,In, cAsg 43Sbg 57

39. The method of claim 31 comprising:

etching through the composite barrier to form a mesa hav-

ing the second absorber, the composite barrier, and the
portion of the first absorber;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.

40. The method of claim 31 comprising:

etching through the second absorber, and a portion of the

composite barrier to form a mesa;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.

41. The method of claim 31 comprising:

etching through the second absorber to form a mesa;

wherein the mesa forms one pixel of a focal plane array

having a plurality of mesas forming a plurality of pixels.
42. The method of claim 31 wherein:
the second absorber is a ternary alloy comprising of sub-
stantially of InAsSb or a quaternary alloy comprising of
AllnAsSb; and

the first absorber is a quaternary alloy comprising of All-
nAsSb, a quaternary alloy of GalnAsSb, a ternary alloy
of consisting substantially of GalnSb, or a ternary alloy
consisting substantially of AllnSb, or a binary alloy
InAs.

43. The method of claim 31 wherein:

the second absorber is a medium wavelength infrared

detector (MWIR) detector; and

the first absorber is a MWIR detector or a short wavelength

infrared detector (SWIR) detector.

44. The method of claim 31 wherein:

when a positive bias is applied to the second absorber, the

second infrared wavelengths generates electrons in the
second absorber that are collected at a read out inte-
grated circuit; and

when a negative bias is applied to the second absorber, the

first infrared wavelengths generates electrons in the first
absorber that are collected at the read out integrated
circuit.

45. The method of claim 31 wherein:

when a positive bias is applied to the second absorber, the

first infrared wavelengths generate electrons in the first
absorber that are collected at a read out integrated cir-
cuit; and
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when a negative bias is applied to the second absorber, the
second infrared wavelengths generate holes in the sec-
ond absorber that are collected at the read out integrated
circuit.

46. The method of claim 31 wherein: 5

the dual band detector operates at temperatures equal to or
greater than 100K.

47. The method of claim 31 comprising:

tuning a A_, for the dual band detector over a medium
wavelength infrared spectrum by adjusting mole frac- 10
tions for the first absorber and or the second absorber.
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